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Abstract 

Geographic variation within Antrozous ( Bauerus ) dubiaquercus is reviewed based on 
examination of pelage and multivariate analyses of external and cranial measurements 
of 29 specimens from the Islas Tres Marias, Nayarit, Mexico, and five specimens from 
the mainland of Middle America. As much variation exists among mainland specimens 
as is found between the nominal mainland subspecies (A. d. meyeri ) and that from the 
Islas Tres Marias (A. d. dubiaquercus ), and the species is regarded as monotypic. 
Systematic relationships between the subgenera Antrozous and Bauerus are discussed 
based on several suites of characters. Differentiation between these taxa equals that 
found among most genera of vespertilionid bats and Bauerus is accorded generic rank. 
The karyotype of B. dubiaquercus is reported for the first time. 

Introduction 

Evolutionary relationships within and among American nyctophiline 
bats are poorly understood. One Recent genus, Antrozous, comprising 
two subgenera, Antrozous and Bauerus, and three species, A. (A.) 
pallidus, A. (A.) koopmani, and A. (B.) dubiaquercus, is recognized 
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in the New World (Koopman and Jones, 1970; Pine et al., 1971; Martin, 
1974; Jones et al., 1977). 

Geographic variation in mensural characters of A. pallidus was re¬ 
viewed by Martin (1974). Variation within the rare Cuban bat, A. koop- 
mani , was described by Silva Taboada (1976). Although the nomen¬ 
clature of populations of A. dubiaquercus has been in a state of flux 
since Van Gelder (1959) described the taxon, a review of variation 
among populations has not been possible because this species is rare 
in collections. Two nominal subspecies have been recognized—A. d. 
dubiaquercus from the Islas Tres Marias off the coast of Nayarit in 
western Mexico and A. d. meyeri from Veracruz and Honduras on the 
mainland of Middle America (Pine et al., 1971). 

Since the description of A. dubiaquercus (Van Gelder, 1959) and 
reports of three mainland specimens by Pine (1966, 1967) and Pine et 
al. (1971), we have collected 42 specimens from the Islas Tres Marias 
and two specimens from mainland Mexico. This additional material, 
including karyotypic data from some specimens, led us to review vari¬ 
ation within A. dubiaquercus and reevaluate systematic relationships 
within Antrozous. 


Materials and Methods 

In the morphological analysis, we used 34 specimens of A. dubiaquercus housed in 
the National Museum of Natural History (USNM), Carnegie Museum of Natural History 
(CM), and the Texas Cooperative Wildlife Collection, Texas A&M University (TCWC) 
from the following localities: Mexico. Nayarit : Islas Tres Marias, Maria Cleofas, 6 
6 ,8 9 (USNM); Maria Magdalena, 5 6 ,7 9 (USNM), Maria Madre, 2 6 , 1 9 (USNM). 
Jalisco: 12.5 mi SW (by road) Talpa de Allende, 4200 ft, 1 6 (CM). Veracruz: Ojo de 
Agua del Rio Atoyac, 1400 ft, 1 9 (TCWC); Rio Quezalapan, 2 mi E Lago Catemaco, 
1 9 (TCWC). Honduras. 40 km E Catacamas, 1 A, 1 9 (TCWC). All specimens are 
adults (as defined by the fusion of the epiphyses of the metacarpals and phalanges) 
except the holotype of A. d. meyeri which is a subadult female. We also examined 13 
specimens (USNM) preserved in fluid or as skeletons, and the holotype and three para- 
types in the American Museum of Natural History. 

The following measurements are those taken by field collectors: total length (TL) and 
lengths of tail (LT), hindfoot (LHF), and ear (LE). We measured length of forearm 
(LFA) according to Handley (1959). The following cranial measurements were taken as 
defined by Cockrum (1962): greatest length of skull (GLS); condyle-premaxillae length 
(CPL); postpalatal length (PPL); length of maxillary toothrow (LMT); zygomatic breadth 
(ZB); mastoid breadth (MB); least interorbital constriction (LIC); and greatest width 
across upper molars (GWM). 

The 29 specimens from the Islas Tres Marias were combined as a single sample to 
test for differentiation between the sexes using the TTEST procedure of the Statistical 
Analysis System (SAS; Goodnight, 1979). Two multivariate programs of the Numerical 
Taxonomy System (NT-SYS; Rohlf and Kishpaugh, 1972) were used to assess the phe- 
netic affinities of individual specimens. Cluster and principal components analyses were 
chosen because neither program requires any a priori assumptions concerning the within 
sample variation (Rohlf, 1971). Samples of A. dubiaquercus from the mainland are so 
small that calculation of within group variation is impossible. Accordingly, each speci¬ 
men was considered an Operational Taxonomic Unit (OTU). 


1981 


Engstrom and Wilson—Systematics of Bauerus 


373 


Correlation and distance matrices among OTU’s were generated from standardized 
character values. The unweighted pair-group method based on arithmetic averages 
(UPGMA) was used to cluster each matrix and the results were summarized as dendro¬ 
grams. In all analyses the coefficient of cophenetic correlation (a measure of the dis¬ 
tortion of the original matrix in producing the phenogram) was larger for the distance 
phenogram and only these results are presented. 

Principal components analysis (PCA) was performed on the correlation matrix to 
obtain vectors, which indicate the major trends of variation among the OTU’s. Stan¬ 
dardized values of the OTU’s were then projected onto the first three axes to depict the 
variation among OTU’s relative to the total variation within the group. 

We karyotyped four specimens from Maria Madre, Maria Magdalena, and Maria Cleo- 
fas, Islas Tres Marias, and the one specimen from Jalisco. Karyotypes were prepared 
in the field from bone marrow cells obtained from the humeri of bats according to 
methods modified from Patton (1967) and Baker (1970). Terminology regarding place¬ 
ment of the centromere is that of Patton (1967). 


Results 

External and Cranial Morphology 

Results of the TTEST procedure for secondary sexual variation in 
the Islas Tres Marias sample are summarized in Table 1. Females 
averaged larger than males in all cranial characters except LIC (which 
varies inversely with size of skull) and in all external characters except 
LT and LE. Females were significantly larger than males (P < 0.05) 
in five of eight cranial measurements (GLS, ZB, MB, CPL, GWM) 
and the sexes were separated in subsequent analyses. Specimens from 
the Islas Tres Marias and from Veracruz are similar in external and 
cranial dimensions and are unlike the individuals from Honduras (es¬ 
pecially the female) and Jalisco (Table 1). 

Multivariate analyses for each sex using external and cranial char¬ 
acters and using cranial characters only yielded similar results. Results 
derived from the entire set of characters are illustrated in Figs. 1 and 
2. Analyses of cranial characters are discussed only when they differ 
from analyses using all characters. 

Cluster analyses of the distance matrices of females and males are 
illustrated in Fig. 1A and Fig. IB, respectively. The respective coef¬ 
ficients of cophenetic correlation were 0.918 and 0.897. Most of the 
females are arranged in one large cluster of similar-sized bats from the 
Islas Tres Marias and the two individuals from Veracruz (designated 
as group a in Fig. 1A). When only cranial characters are analyzed the 
Veracruz specimens fall near the center of the main cluster. No pattern 
of variation corresponding to the distribution of specimens among 
Maria Magdalena, Maria Cleofas, and Maria Madre of the Islas Tres 
Marias is apparent. The female from Honduras is smaller in most cra¬ 
nial characters (Table 1) than the island specimens or those from Ve¬ 
racruz and is a distant outlier (designated as b in Fig. 1A) of group a. 

Cluster analysis of males yielded three groups (designated a, b, and 
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Table 1 .—Measurements and summary statistics for samples of Antrozous dubiaquer- 
cus. T statistics given for the Islas Tres Marias sample were used to test for sexual 
dimorphism and asterisks indicate levels of significance (*P < 0.05; **P < .01). Abbre¬ 
viations of characters are defined in text. Values in the Veracruz sample are for spec¬ 
imens from localities near Lago Catemaco and Ojo de Agua del Rio Atoyac, respec¬ 
tively. N = 12 for zygomatic breadth of males in the Islas Tres Marias sample . 



Islas Tres Marias 


Veracruz 

Honduras 


Females (N = 16) 
mean ± 1 SD 
(range) 

Males (N = 13) 
mean ± 1 SD 
(range) 

JalldLU 

Female 
(N = 1) 
value 


Character 

Male (N = 1) 
value 

Females (N = 2) 
values 

Male (N = 1) 
value 

TL 

122.1 ± 3.05 
(115-126) 

T = 

121.8 ± 3.14 
(117-126) 
-.31 

104 

107, 120 

115 

115 

LT 

50.9 ± 1.77 
(47-53) 

T = 

52.2 ± 2.58 
(49-57) 

1.50 

46 

46, 55 

48 

47 

LHF 

12.8 ± .75 
(12-14) 

T = 

12.5 ± .66 
(12-14) 
-1.03 

11 

12, 13 

10 

10 

LE 

24.9 ± 2.45 
(20-27) 

T = 

25.5 ± 1.33 
(23-27) 

.93 

22 

24, 25 

23 

22 

LFA 

55.2 ± 1.51 
(50.50-57.05) 
T = 

54.3 ± 1.43 
(50.55-55.80) 
-1.67 

50.20 

52.00, 55.90 

50.70 

47.90 

GLS 

21.01 ± .24 
(20.55-21.50) 
T = 

20.67 ± .27 
(20.25-21.25) 
-3.66** 

19.25 

21.20, 21.50 

20.55 

19.90 

ZB 

13.11 ± .23 
(12.65-13.45) 
T = 

12.86 ± .21 
(12.50-13.20) 
-2.88** 

12.50 

13.05, 12.90 

12.85 

12.40 

MB 

10.04 ± .15 
(9.75-10.35) 
T = 

9.86 ± .15 
(9.50-10.10) 
—3.17** 

9.60 

10.00, 9.95 

9.65 

9.40 

CPL 

18.75 ± .22 
(18.35-19.15) 
T = 

18.42 ± .31 
(17.95-19.15) 
—3 35** 

17.65 

18.90, 18.70 

18.20 

17.70 

PPL 

6.73 ± .18 
(6.20-7.00) 

T = 

6.62 ± .14 
(6.30-6.85) 
-1.65 

6.30 

6.50, 6.20 

6.20 

5.80 

LIC 

3.98 ± .08 
(3.85-4.10) 

T = 

4.01 ± .10 
(3.85-4.20) 
.79 

4.05 

3.95, 3.90 

4.20 

4.15 

LMT 

7.16 ± .08 
(7.05-7.30) 

T = 

7.09 ± .13 
(6.90-7.40) 
-1.64 

6.60 

7.15, 7.25 

7.05 

6.95 

GWM 

8.09 ± .14 
(7.75-8.25) 

T = 

7.94 ± .11 
(7.80-8.15) 
-2.40* 

8.00 

8.30, 8.20 

7.75 

7.75 
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c in Fig. IB). Group a comprises the specimens from Maria Madre and 
Honduras, which are slightly smaller in external and cranial dimen¬ 
sions than those from Maria Cleofas and Maria Magdalena. Group b 
consists of a mixture of specimens from Maria Cleofas and Maria Mag¬ 
dalena. The male from Jalisco (group c) is smaller in most cranial 
measurements than any other specimen analyzed (see Table 1). In 
cranial dimensions, this individual is most similar to the female spec¬ 
imen from Honduras but appears proportionately smaller in several 
characters (most notably GLS, CPL, LMT). Although morphologically 
adult, the sagittal crest of the Jaliscan specimen is less developed and 
the skull is more delicate than in any other bat examined. 

Results of the PCA are given in Table 2 and Fig. 2. Each character, 
except least interorbital constriction, is highly and positively correlat¬ 
ed with principal component I in all analyses, causing OTU’s to be 
dispersed along this component on the basis of overall size. 

Along principal components I and II, females (Fig. 2A) from the 
Islas Tres Marias and Veracruz form one group and the single OTU 
from Honduras appears as a distant outlier, paralleling the results of 
the cluster analysis. The position of the specimen from Honduras on 
principal component I reflects the small size of this individual. The 
two specimens from Veracruz separate slightly from the remainder of 
the OTU’s along principal component III which is most correlated with 
the characters TL, LFA, PPL, LIC, and GWM. When cranial char¬ 
acters alone are considered, only the specimen from near Lago Cate- 
maco, Veracruz, can be differentiated along the third axis. 

In males (Fig. 2B), the island OTU’s form one diffuse cluster along 
principal component I and the specimens from Honduras and Jalisco 
appear as outliers. The males from Jalisco and Maria Madre separate 
from one another and from the remaining OTU’s along principal com¬ 
ponent II (highly correlated with TL, LHF, GLS, ZB, MB, and 
GWM), whereas the specimen from Honduras is distinct along prin¬ 
cipal component III (highly correlated with GLS, ZB, PPL, LIC, and 
LMT). 

When cranial characters alone are considered for males, positions 
among the island OTU’s with respect to the first three principal com¬ 
ponents are similar to those obtained using all characters; however, 
the specimen from Honduras does not separate from the island OTU’s 
along principal components I or III but groups with the Isla Maria 
Madre specimen along all three principal components. Cranial simi¬ 
larities between these specimens probably account for their close as¬ 
sociation in the cluster analysis (Fig. IB). The position of the Jaliscan 
specimen is similar in both PCA runs but its distinctness along prin¬ 
cipal components I and II is emphasized when only cranial characters 
are considered. 
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Fig. 1.—Distance phenograms resulting from cluster analyses of females and males of 
Antrozous dubiciquercus, considering each specimen as an OTU. Lower case letters 
indicate clusters mentioned in text. A) Females; localities of specimens numbered 1 = 
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Table 2.— Eigenvalues, percentage of total variance , and character loadings for the 
first three components resulting from Principal Components Analyses of females and 
males of Antrozous dubiaquercus. Percentage of total variance is cumulative. Abbre¬ 
viations of characters are defined in text. 


Females Males 


Statistics and Components Components 

characters I II III I II III 


Eigenvalue 
% total variance 

TL 

LT 

LHF 

LE 

LFA 

GLS 

ZB 

MB 

CPL 

PPL 

LIC 

LMT 

GWM 


6.8 

1.9 

52.4 

67.4 

0.46 

-0.26 

0.50 

-0.54 

0.87 

-0.29 

0.47 

-0.58 

0.71 

0.10 

0.92 

0.02 

0.83 

0.45 

0.86 

0.37 

0.94 

0.11 

0.57 

0.00 

-0.43 

0.70 

0.86 

-0.05 

0.68 

0.56 


1.3 

6.6 

77.3 

50.9 

0.70 

0.79 

0.19 

0.71 

-0.07 

0.55 

-0.21 

0.68 

0.31 

0.73 

-0.27 

0.87 

0.12 

0.64 

0.10 

0.81 

-0.12 

0.88 

0.48 

0.80 

0.32 

-0.55 

-0.23 

0.75 

-0.35 

0.32 


1.7 

1.5 

64.0 

75.6 

-0.43 

0.09 

-0.03 

0.27 

-0.34 

0.28 

0.03 

0.09 

0.08 

-0.09 

-0.33 

-0.30 

0.48 

-0.45 

0.49 

-0.14 

-0.14 

-0.10 

0.17 

0.42 

-0.14 

-0.75 

-0.27 

-0.52 

0.82 

-0.01 


Karyology 

The diploid number (2n) of A. dubiaquercus is 44 and the number 
of autosomal arms (FN) equals 52 (Fig. 3). The autosomal complement 
comprises two large, one medium-sized, and two small pairs of meta- 
centric chromosomes and a graded series of 16 pairs of medium-sized 
to small acrocentrics. The X chromosome is a medium-sized submeta- 
centric and the Y is a small acrocentric. No chromosomal variation 
was found among individuals. 

Discussion 

Geographic Variation 

As noted by Bogan (1978), variation between populations of bats 
inhabiting the Islas Tres Marias and those inhabiting the mainland is 


Maria Madre, 2-8 = Maria Magdalena, and 9-16 = Maria Cleofas, Islas Tres Marias. 
Abbreviated localities of specimens designated as C = Lago Catemaco, Veracruz, O = 
Ojo de Agua, Veracruz, and H = Honduras. B) Males; localities of specimens num¬ 
bered 1 = Maria Madre, 2-6 = Maria Magdalena, and 7-12 = Maria Cleofas, Islas Tres 
Marias. Abbreviated localities of specimens designated as J = Jalisco and H = Hon¬ 
duras. 
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of especial interest because of the high degree of endemism on the 
islands. However, patterns of variation among populations of A. du- 
biaquercus are difficult to interpret. 

Specimens from the Islas Tres Marias are morphometrically insep¬ 
arable from those from Veracruz except on the basis of color. The 
male and female from the same locality in Honduras appear to differ 
as much from one another in several external and cranial characters 
as either does from specimens from other geographic areas. Mensur- 
ally, the bat from Jalisco was the most divergent specimen examined 
although it is from the nearest mainland locality to the Islas Tres Mar¬ 
ias. As much variation is evident among some mainland specimens as 
appears between those from the islands and the mainland. Thus, the 
current assignment of one subspecific epithet to populations inhabiting 
the Islas Tres Marias ( dubiaquercus ) and another to all populations 
inhabiting the mainland ( meyeri ) is arbitrary. 

Mensural variation within A. dubiaquercus is not concordant with 
variation in color. All mainland specimens have dark ears, rhinaria, 
and flight membranes, whereas exposed membranes in specimens from 
the Islas Tres Marias are paler. Variation in color of dorsal pelage is 
similar, with darker specimens occurring on the mainland and some¬ 
what paler specimens on the islands, although the dorsal coloration of 
the specimen from Jalisco and the one from Ojo de Agua, Veracruz, 
is similar to that of individuals from the Islas Tres Marias. 

Differences in color among island and mainland specimens probably 
reflect adaptations to local environmental conditions. Individuals from 
the Islas Tres Marias occupy tropical deciduous forest (Fig. 4A), 
whereas specimens from the mainland were taken in lowland tropical 
evergreen forest (Fig. 4C) with the exception of the bat from Jalisco, 
which was collected in moist pine-oak forest. Presumably, back¬ 
ground coloration in deciduous forest (at least during the dry season) 
is paler than that in more mesic, evergreen forest, and overall color¬ 
ation of A. dubiaquercus probably is responding directly to selective 
pressures to match these backgrounds. 

Relationship of Antrozous to Bauerus 

Van Gelder (1959) described Antrozous dubiaquercus based on five 
specimens from the Islas Tres Marias, Nayarit, and assigned the 


Fig. 2.—Projections of individual specimens of Antrozous dubiaquercus onto the first 
three components for: A, females; and B, males. Identifying numbers and letters are 
referred to localities (see Fig. 1). The scale of each component is drawn relative to the 
percent influence of that component on the total variance (see Table 2). 
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species to a new subgenus, Bauerus. White (1969) proposed that Bau¬ 
erus be recognized at the generic level based on the presence of an 
extra lower incisor in dubiaquercus. White (1969) included A. hoop- j 
mani within Antrozous because it lacks a third lower incisor; however, j 
Martin (1974) and Silva Taboada (1976) noted similarities of this 
species to Bauerus. Pine et al. (1971) described several differences in 
the morphology of the phallus between Antrozous (represented by A. 
pallidus) and Bauerus but noted that the presence of a third lower 
incisor in Bauerus was not constant and proposed that the differences 
separating the higher taxa would best be recognized at the subgeneric 
level (a third lower incisor is present on at least one ramus of 43 of 
the 44 additional specimens examined by us and was found in all of 
the specimens examined by Pine et al., 1971, except the holotype of 
A. dubiaquercus). In the same paper, they regarded the mainland tax¬ 
on A. ( B .) meyeri as a subspecies within A. ( B.) dubiaquercus. Martin 
(1974) noted additional external differences between the phalli of A. 
(A.) pallidus and A. (B.) dubiaquercus but proposed no taxonomic 
changes. No phallic data are available for A. koopmani. 

Antrozous pallidus and A. dubiaquercus share several penile char¬ 
acteristics (for example, a dorsally inclined baculum and dorsally ex- 
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Fig. 4.—A) Tropical deciduous forest on Maria Madre, Islas Tres Marias. B) An An- 
trozous dubiaquercus taken in the habitat shown in A. C) Lowland tropical evergreen 
forest at Ojo de Agua, Veracruz. D) The A. dubiaquercus collected in the habitat shown 
in C. Photographs A and B by C. B. Robbins; C and D by D. S. Rogers. 


posed urethra) not found in other New World vespertilionids, indicat¬ 
ing that Antrozous is a monophyletic taxon; however, external 
differences between the male genitalia of the two species are marked. 
Pine et al. (1971:668) remarked, 4 'although the difference between the 
penes of A. dubiaquercus and A. pallidus are rather substantial when 
one considers that there seems to be little variation in penis structure 
even between genera in other subfamilies of vespertilionid bats (as far 
as known), we prefer not to use phallic evidence to determine the rank 
of Bauerus until something is known about the phallus of Antrozous 
koopmani 

Karyotypes of A. pallidus and A. dubiaquercus also differ. Antro¬ 
zous pallidus possesses a 2n of 46 and FN of 50 (Baker and Patton, 
1967; Bickham, 1979) whereas A. dubiaquercus has 2n = 44, FN = 
52. If the karyotype of A. dubiaquercus were derived from a chro¬ 
mosomal complement consisting of more acrocentric elements, such 
as that of A. pallidus (the direction of chromosomal evolution hypoth¬ 
esized by Bickham, 1979, for the karyotypic group containing A. pal¬ 
lidus ), a minimum of two chromosomal changes could account for the 
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karyotypic differences between the two species. A Robertsonian fu¬ 
sion of two small acrocentric elements and a pericentric inversion or 
heterochromatic addition in a second small acrocentric chromosome 
in the karyotype of A. pallidus would yield a karyotype similar to that 
of A. dubiaquercus. Chromosomal banding studies might reveal other 
rearrangement differences between these taxa. Intrageneric karyotypic 
variation in vespertilionid bats, however, is uncommon (see review by 
Bickham, 1979). 


Taxonomic Conclusions 

We prefer to assign subspecific epithets to biological subunits of 
species, rather than to catalogue geographic variants (see definition of 
subspecies by Lidicker, 1962). Given the extensive variation among 
populations of A. dubiaquercus and the lack of specimens, it is not 
possible to identify biologically meaningful subunits; moreover, the 
present arrangement of subspecies masks the pattern of variation (or 
lack thereof) among specimens. Accordingly, we regard A. dubia¬ 
quercus as monotypic. 

The chromosomal, cranial (described in detail by Van Gelder, 1959; 
Pine, 1966, 1967), postcranial (Martin, 1974), and phallic differences 
between Antrozous ( Antrozous ) pallidus and Antrozous ( Bauerus ) 
dubiaquercus are at least as great as those found among most genera 
of vespertilionid bats and indicate a long history of genetic isolation. 
We believe that Bauerus is a distinct genus. Antrozous koopmani ap¬ 
parently lacks the diagnostic third lower incisor of Bauerus (Silva Ta- 
boada, 1976) and we tentatively retain this species in Antrozous. The 
following synonomy applies to Bauerus. 

Bauerus dubiaquercus (Van Gelder) 

1959. Antrozous ( Bauerus ) dubiaquercus Van Gelder, Amer. Mus. Novit., 1973:2, 19 
November. 

1966. Baeodon meyeri Pine, Southwestern Nat., 11:308, 30 June. 

1967. Antrozous ( Bauerus ) meyeri, Pine, Southwestern Nat., 12:485, 31 December. 
1969. Bauerus dubiaquercus, White, Misc. Publ. Mus. Nat. Hist., Univ. Kansas, 

51:277, 11 July. 

1971. Antrozous dubiaquercus meyeri, Pine et al., J. Mamm., 52:665, 16 December. 
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